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of the North American Committee Report to the INQUA (International 
Quaternary Association) Subcornrnission on Loess; Dr. R. V. Ruhe, 
Indiana University, North American chairman. Loess is an impor-
tant engineering material in Iowa. Consequently, this paper is 
being reproduced for limited distribution. 
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Loess deposits mantle wide areas of North America, particu-
larly the United States (see Thorp and Smith, 1952). (In Iowa, 
loess soils form about 38% of the land surface, and range in 
thickness to well over 60 feet along the Missouri River.) The 
inherently unique but somewhat overgeneralized geotechnical 
characteristics typically associated with loess include the 
ability to maintain near-vertical slopes both naturally and in 
roadcuts, low density, sudden collapse of structure upon satura-
tion, relatively high permeability, and severe erosion potential. 
The past forty years have seen substantial research devoted to 
investigating these problems, and other factors influencing 
1. A joint publication of the Engineering Research Institute, 
Iowa State University, and the Iowa Geological Survey. 
This work in part sponsored by the National Science Founda-
tion, under Grant No. ENG-76-24589. 
engineering properties and behavior of loessial soils in situ. 
The widespread distribution and thickness of loess have led to a 
second emphasis in geotechnical research, where loess is regarded 
as a construction material, to be treated, or stabilized, or other-
wise dealt with for use in roads, embankments, etc. 
Figure 1 shows a histogram summarizing the number of publi-
cations dealing with geotechnical properties of North American 
loess by 5-year intervals, through early 1979. The plot produces 
an interesting distribution, which is near-Gaussian in appearance, 
with the lowest 5-year total occurring in the last interval, 1975-
1979. We believe that the decrease in publications in recent 
years may not reflect a decline in interest so much as a pause 
for reflection and reassessment of the problems. Certainly not 
all of the problems are solved. 
The bibliography which follows includes all the publications 
known to the authors which deal with geotechnical properties of 
North American loess deposits. The references have also been 
annotated to indicate the type of studies or data compiled in 
each publication. The references presented in the bibliography 
have been divided by subject matter into two sections; (1) charac-
ization and (2) performance. Characterization deals with identi-
fication of particulate composition and associated properties, 
e.g. -- specific gravity, Atterberg limits, particle size, density, 
shear strength, etc. Performance includes case histories of 
foundations and embankments utilizing natural deposits and/or 
remolded loess. Property variations between undisturbed and re-
worked loess occur as a result of the alteration of natural 
structure. When loess is reworked by slope processes, it is 
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Figure I. Number of publicat ions dealing with geotechnical properties of North American loess . 
effectively an alluvial or colluvial material, and studies of 
these materials have not been included. Only a few unpublished 
theses are recorded in the bibliography. They have been included 
only where the data has not appeared in a published paper and 
the information would otherwise be inaccessible. 
DISCUSSION 
Although extensive research has been conducted dealing with 
certain geotechnical problems in loess, the gaps in our knowledge, 
and in our applied approach to loess problems, are numerous as 
well. For example, among the classic geotechnical properties of 
loess, the potential for sudden collapse or rapid consolidation 
upon saturation has the greatest notoriety. Cases of excessive 
settlement of building foundations have been reported in the U.S. 
leaving the general impression that collapse is iilIDlinent in all 
loess deposits, when this is not the case. The authors have ob-
served instances where the opposite has occurred -- heave and 
"stretching" of single family dwellings from the swelling of ex-
pandable clay minerals present in the loess. In general, the 
amount of clay present is the controlling factor governing swell 
(Hallberg, 1978), and may be related to the systematics of loess 
deposition and development of a soil profile. 
Perhaps even more hazardous than collapse from a geotechnical 
design standpoint is the widespread natural occurrence of isolated 
zones of semi-liquid loess, within an otherwise coherent sequence. 
These zones occur where the in situ moisture-content approximates, 
and often is above, the liquid limit. This material has tenta-
tively been termed "Loess Mush" (Hallberg, et al., 1978), which 
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is descriptive of its natural consistency. The possibility of 
shear failure and/or excessive settlement of foundations placed 
on this material are obvious hazards to be considered. Although 
research is continuing in this area, it appears that this phenome-
non may be attributed to capillary saturation above perched water 
tables. The extent of the mush is then also a function of over-
burden stress, i.e. density and thickness of the loess deposit. 
It is interesting to note that in Europe this phenomena has been 
recognized (Stefanoff and Ivanov, 1971); however it has gone un-
mentioned in the North American literature. 
Perhaps no other geologic deposit exhibits such well-defined, 
systematic property variations as loess, primarily because it 
has been dispersed and transported by the wind. The variations 
in thickness and particle size distribution with increasing dis-
tance from a source have been extensively documented, and can be 
quantified with a high degree of precision. (A review is pre-
sented by Ruhe [1973], and those references will not be included 
in this paper except where other pertinent engineering properties 
are discussed. The reader is urged to consult specific references 
cited by Ruhe for a background of geologic and pedologic investi-
gations of loess.) More recently, a mathematical explanation 
rather than simply an empirical description of the systematic 
loess thickness relationship has been attempted (Handy, 1976) 
and this general approach appears to have an application in ex-
ploring properties such as particle size distribution as well. 
Most of the geotechnical properties of loess are controlled or 
affected by the thickness and particle size distribution of the 
deposit. Further documentation of the relationship of geotechnical 
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properties with the systematic changes in these variables would 
certainly be useful. 
The effect of sampling procedures on engineering properties1 
as shown in other parts of the world (Milovic 1971) needs further 
investigation. In light of more advanced techniques in both 
laboratory and in situ testing methods, the use of certain stan-
dard tests for loess soils may be inadequate (Varga 1965). 
The state of the science of geotechnical engineering requires 
continual updating, to make the application of research a reality. 
Even though the knowledge acquired over the past decade has in-
creased our understanding and appreciation of loess soils, current 
practices leave a variety of areas open for important and produc-
tive research. 
6 
REFERENCES CITED 
Hallberg, G. R., 1978. Calibration of Cole-Calculated Engineering 
Data for Montmorillonite Soils. Agronomy Abstracts, Ann. 
Meetings Soil Sci. Soc. Amer., p. 169. 
Hallberg, G. R., Fenton, T. E., Miller, G. A., and Lutenegger, 
1978. The Iowan Erosion Surface: an old story, an important 
lesson, and some new wrinkles; in Anderson, R. (ed.), 42nd 
Annual Tri-State Geol. Field Cont. Guidebook, p. 2-1 to 2-94. 
Handy, R. L., 1976. Loess Distribution by Variable Winds. Geol. 
Soc. Amer. Bull., 87, p. 915-927. 
Milovic, D. M., 1971. Effect of Sampling on Some Loess Character-
istics. Proc. Specialty Session on Quality in Soil Sampling, 
4th Asian Reg. Conf. Soil Mech. Found. Engrg., p. 17-20. 
Ruhe, R. V., 1973. Background of Model for Loess-Derived Soils 
in the Upper Mississippi River Basin. Soil Science, 115, 
p. 250-253. 
Stefanoff, G. and Ivanov, I.P., 1971. On the Evaluation of the 
Shear Strength of Loess. Proc. 4th Conf. on Soil Mech., 
Budapest, p. 315-324. (in German) 
Thorp, J. and Smith, H. T. U., 1952. Pleistocene Eolian Deposits 
of the United States, Alaska, and parts of Canada: New 
York, Geol. Soc. Amer. map. 
Varga, L., 1965. The Compressibility of Loess Soils. Proc. 
6th Int. Conf. Soil Mech. and Found. Engrg., 1, p. 395-397. 
7 
BIBLIOGRAPHY 
References organized by main topic. Indexed subject 
matter follows reference listing: 
a. Composition-chemical, mineralogical, textural 
b. Moisture density relations-in situ, remolded 
c. Consistency - Atterberg limits 
d. Shear strength 
e. Compressibility - consolidation, collapse 
f. Permeability 
g. Stabilization - chemical, mechanical 
h. Slope stability 
i. Settlement observations 
j. Field testing - pile loadtest, plate bearing 
Cross-indexing of main topic is denoted by an asterisk 
preceding the reference. 
I. Engineering Characterization of Loess. 
Abdun-Nur, E. A., 1959. Plastic Limit-Comparison of Cube and 
Standard Thread Test Methods. Am. Soc. Test. Mat., Spec. Tech. 
Pub 1. , No . 2 5 4 , p 212 - 215 . ( c) 
Akiyama, Frank, 1964. Shear Strength Properties of Western 
Iowa Loess. Unpubl. M.S. Thesis, Iowa State Univ. Libr., 
Ames, Iowa. (a,b,c,d,e) 
Arman, A., and Thornton, S. I., 1972. Collapsible Soils In 
Louisiana. Louisiana State Univ. Div. Eng. Res. Bull. No. 
111. (a,b,c,e,g) 
Badger, W. W., and Lohnes, R. A., 1972. Structure of Friable 
Iowa Loess. Hwy. Res. Rec., No. 429, p 14-23. (a,b,c,d) 
Discussion by: Huang, R. J. and Mahmood, A., p 23-25. 
Bara, J. P., 1960. Laboratory Studies on Loessial Foundation 
and Embankment Samples-Sherman Dam-Farewell Unit, Nebraska. 
U.S. Bur. Reclamation, Earth Lab. Rept. EM-572. 
* Benak, J. V., 1967. Engineering Properties of the Late 
Pleistocene Loess in the Omaha-Council Bluffs Area. Unpubl. 
Ph.D. Thesis, University of Illinois, Urbana. (a,b,c,d,e,f, 
i,j) 
8 
Dahl, A. R., Davidson, D. T., and Roy, C. J., 1960. Petrog-
raphy and Engineering Properties of Loess and Kansan Till 
in Southern Iowa. Ia. Eng. Exp. Sta. Bull., 191, p 93-132. 
(a,c) 
Davidson, D. T., and Chu, T. Y., 1952. Dispersion of Loess 
for Mechanical Analysis. Hwy. Res. Bd. Proc., 31, p 500-510. 
(a,c) 
Davidson, D. T., and Handy, R. L., 1952. Property Variations 
in the Peorian (Wisconsin) Loess of Southwestern Iowa. Ia. 
Acad. Sci. Proc., 59, p 248-265. (a,b,c) 
Davidson, D. T. and Handy, R. L., 1953. Studies of the Clay 
Fraction in Southwestern Iowa Loess. 2nd Nat. Clay Min. 
Conf. on Clays and Clay Minerals, p 190-208. (a,c) 
Davidson, D. T., Handy, R. L., and Chu, T. Y., 1953. Depth Studies 
of the Wisconsin Loess in Southwestern Iowa: Particle Size 
and In-Place Density. Ia. Acad. Sci. Proc., 60, p 333-353. 
(a,b) 
Davidson, D. T., and Sheeler, J. B., 1952. 
Clay Fraction in Engineering Soils: III. 
Amount of Clay on Engineering Properties. 
Proc., 31, p 558-563. (a,b,c) 
Studies of the 
Influence of 
Hwy. Res. Bd. 
Davidson, D. T. and Sheeler, J. B., 1952. Cation Exchange 
Capacity of Loess and its Relation to Engineering Properties. 
Arn. Soc. Test. Mat. Special Tech. Pub. 142, p 1-19. (a,b,c) 
Davidson, D. T., and Sheeler, J. B. 1953. Cation Exchange 
Capacity of the Clay Fraction of Loess in Southwestern Iowa. 
Ia. Acad. Sci. Proc., 60, p 354-361. (a,c) 
Dernirel, T., and Davidson, D. T., 1960. Stabilization of a 
Calcareous Loess with Calcium Lignosulfonate and Aluminum 
Sulfate. Ia. Acad. Sci. Proc., 67, p 290-314. (a,c,g) 
Dudley, John H., 1970. Review of Collapsing Soils. Arn. 
Soc. Civil Eng. Jour. of Soil Mech. and Found. Div., 96, 
SM3, p 925-947. (e) 
Fox, N. S., Lohnes, R. A., and Handy, R. L., 1966. Depth 
Studies of Wisconsin Loess in Southwestern Iowa: IV Shear 
Strength. Ia. Acad. Sci. Proc., 73 p 193-204. (b,d,h) 
Gibbs, H. J., 1961. Properties which divide loose and 
dense uncernented soils. U.S. Bur. Reclamation, Earth Lab. 
Rept. EM-608. (a,b,c,e) 
9 
Gibbs, H. J., Hilf, J. W., Holtz, W. G. and Walker, F. C., 
1960. Shear Strength of Cohesive Soils-Chapter VI, B: 
Loessial Soils. Proc. Am. Soc. Civil Engr. Res. Conf. on 
Shear Strength, p 121-127. (a,b,c,d) 
* Gibbs, H. J. ~ and Holland W. Y., 
Engineering Properties of Loess. 
Mon. No. 2 8. (a, b, c, d, e, f, i) 
1960. Petrographic and 
Bureau of Reclamation Eng. 
Handy, R. L., 1973. Collapsible Loess in Iowa. Soil Sci. 
Soc. Am. Proc., 37, No. 2, p 281-284. (a,b,c,e) 
Handy, R. L., and Davidson, D. T., 1956. 
Multiple Loess Deposition in Western Iowa. 
Proc., 63, p 470-476. (a,b) 
Evidence of 
Ia. Acad. Sci. 
Handy, R. L., and Davidson, D. T., 1957. Portland Cement 
Contents Required to Stabilize Eastern and Western Iowa 
Loesses. Ia. Acad. Sci. Proc., 64, p 276-313. (a,b,c,g) 
Handy, R. L., Davidson, D. T., and Chu, T. Y., 1955. Effect 
of Petrographic Variation of Southwestern Iowa Loess on 
Stabilization with Portland Cement. Hwy. Res. Bd. Bull., 
98, p 1-20. (a,b,c,d,g) 
Handy, R. L., Lyon, D. A., and Davidson, D. T., 1955. Com-
parisons of Petrographic and Engineering Properties of Loess 
in Southwest, East Central, and Northeast Iowa. Ia. Acad. 
Sci. Proc., 62, p 279-297. (a,c) 
Hansen, J. A., Dahl, A. R., and Davidson, D. T., 1958. 
Further Studies of Loess in Iowa: Thickness, Clay Cont ent 
and Engineering Classification. Ia. Acad. Sci. Proc., 65 , 
p 317-322. (a,c) 
Haung, R. J. and Demirel, T., 1972. Micro-Pore-Size Analyses 
of a Friable Loess. Hwy. Res. Rec., No. 429, p 1-13. 
(a,b,c,d) 
Hoover, J. M., Davidson, D. T., and Roegiers, J. V., 1958. 
Miniature Triaxial Shear Testing of a Quaternary Ammonium-
chloride Stabilized Loess. Ia. Acad. Sci. Proc., 65, p 323-
331. (a,b,c,d,g) 
Kane, H., 1969. Consolidation of Two Loessial Soils. Hwy. 
Res. Rec. No. 284, p 26-36. (a,b,c,e) 
Kane, H., 1973. Confined Compression of Loess. Proc. 8th 
Int. Conf. Soil Mech. and Found. Engrg., 2, p 115-122. 
(a,b,c,d,e) 
10 
• 
Kardoush, F. B., Hoover, J. M., and Davidson, D. T., 1957. 
Stabilization of Loess with a Promising Quaternary Ammonium 
Chloride. Hwy. Res. Bd. Proc., 36, p 736-754. (a,b,c,d,g) 
Kolb, C. R., 1960. Physical Properties and Engineering 
Characteristics of Mississippi Loess (Abs). Geol. Soc. Am. 
Bull., 71, p 1906. (a,b,c) 
* Krinitsky, E. L. and Turnbull, W. J., 1967. Loess Deposits 
of Mississippi. Geol. Soc. Am. Spec. Paper 94. (a,b,c,d,e,h) 
Laguros, J. G., Davidson, D. T., Handy, R. L. and Chu, T. Y., 
1956. Evaluation of Lime for Stabilization of Loess. Am. 
Soc. Test. Mat. Proc., 56, p 1301-1315. (a,c,d,g) 
Liu, T. K., and Thornburn, T. H., 1965. Engineering Index 
Properties of Some Surficial Soils in Illinois. Univ. of 
Ill. Eng. Exp. Sta. Bull. 477. (a,c) 
Lutton, R. J., 1969. Fractures and Failure Mechanics in 
Loess and Applications to Rock Mechanics. Waterways 
Experiment Sta., U.S. Army, Corps of Engrs., Res. Rep. No. 
S-69-1. (a,b,c,d,e,h) 
Lyon, C. A., Handy, R. L., and Davidson, D. T., 1954. Prop-
erty Variations in the Wisconsin Loess of East-Central Iowa. 
Ia. Acad. Sci. Proc., 61, p 291-312. (a,b,c) 
Matalucci, R. V., Abdel-Hady, M., and Shelton, J. W., 1970. 
Influence of Grain Orientation on Direct Shear Strength of 
a Loessial Soil. Engrg. Geol., 4, No. 2, p 121-132. (a,d) 
Matalucci, R. V., Abdel-Hady, M. and Shelton, J. W., 1970. 
Influence of Micro-Structure of Loess on Triaxial Shear 
Strength. Engrg. Geol. 4, p 341-351. (a,b,c,d) 
Mielenz, R. C., Holland, W, T., and King, M. E., 1949. 
Engineering Petrography of Loess. Geol. Soc. Am. Bull. 
(Abs), 60, p 1909. (b) 
Morrow, J. H., Harvey, I. W., Chaney, E. L., and Hendee, 
W. R., 1964. Permeability Measurements on Loess from the 
Vicksburg Area (Abs). Jour. Miss. Acad. Sci., 10, p 166. 
Odell, R. T., Thornburn, T. H., and McKenzie, L. J., 1960. 
Relationship of Atterberg Limits to Some Other Properties 
of Illinois Soils. Soil Sci. Soc. Amer. Proc., 24, p 297-
300. (a,c) 
11 
Olson, Gerald, 1958. Direct Shear and Consolidation Tests 
of Undisturbed Loess. Unpubl. M.S. Thesis, Iowa State Univ. 
Libr., Ames, Iowa. (a,b,d,e) 
Royster, D. L., 1963. Engineering Characteristics of the 
Loessial Soils of West Tennessee. Proc. 45th Annual Tenn. 
Hwy. Conf., Knoxville. (a,b) 
Sheeler, J. B., 1968. Summarization and Comparison of 
Engineering Properties of Loess in the United States. Hwy. 
Res. Rec. No. 212, p 1-9. (a,b,c,d,e,f) 
Sheeler, J. B., and Davidson, D. T., 1957. Further 
Correlation of Consistency Limits of Iowa Loess with Clay 
Content. Ia. Acad. Sci. Proc., 64, p 407-412. (a,c) 
Sheeler, J. B., Ogilvie, J. C. and Davidson, D. T., 1957. 
Stabilization of Loess with Aniline-furfuryl. Hwy. Res. 
Bd. Proc., 36, p 755-772. (a,b,c,d,g) 
Sinha, S. P., Davidson, D. T., and Hoover, J. M., 1957. 
Lignins as Stabilizing Agents for Northeastern Iowa Loess. 
Ia. Acad. Sci. Proc., 64, p 314-347. (a,b,c,d,g) 
Sneddon, R. V., 1975. 
Two Compacted Soils. 
(a,b,c,d) 
Stress-Strain Characterization of 
Trans. Res. Rec., No. 548, p 97-103. 
Terzaghi, K., 1955. The Influence of Geological Fac tors on 
the Engineering of Sediments. Economic Geology, 50th 
Anniversary Volume, II, p 557-618. 
Thornburn, T. H., 1969. Analysis of Published Data: Loess-
Derived Pedologic Soil Types. Specialty Session on Eng i neering 
Properties of Loess and Other Collapsible Soils. Paper 7 , 7th 
Int. Conf. Soil Mech. and Found. Engrg. (a,c) 
U.S. Bur. Reclamation, 1949. Petrographic Characteristics 
of Loess - Trenton Dam - Frenchman - Cambridge Division -
Missouri River Basin Project: Petr. Lab. Proj. No. Pet. 93. 
U.S. Bur. Reclamation, 1955. Engineering Properties of 
Loessial Soils. Earth Lab. Rept. EM-426. 
U.S. Waterways Experiment Station, 1940. Results of Triaxial 
Compression Tests of Loess from Foundation and Abutments of 
Mill Creek Dam, Walla Walla, Wash. Res. Rept. 156-2. 
12 
• 
II. Engineering Performance of Loess. 
Bassett, J. R., McDaniel, A. R., and Knight, S. J., 1966. 
Variation in Trafficability of Four Loess Soils. U.S. 
Waterways Experiment Station Res. Rept. 4-830. (a,b,c,d) 
* Bollen, R. E., 1945. Characteristics and Uses of Loess 
in Highway Construction. Am. Jour. Sci., 243, p 283-293. 
(a,c) 
Campen, W. H., Erickson, L. G., Mertz, L. R., and Smith, 
T. A., 1967. Retention of Density in Loess Subgrades and 
Soil-Aggregate Base Mixtures. Hwy. Res. Rec., No. 177, p 
210-218. (a,b,c) 
* Clevenger, William, A., 1958. Experiences with Loess as 
Foundation Material. Am. Soc. Civil Engr. Trans., 123, 
p 151-170. (a,c,d,e,i,j) 
Discussions by: Cedergren, H. R., p 170-171 
Clevenger, W. A., p 179-180 
Peck, R. B. and Ireland, H. 0., 
p 171-179 (b,i,j) 
Gibbs, H. J., 1955. Summary of Research Studies on Loess 
for Uses as Foundations and Construction Material. U.S. 
Bur. Reclamation, Earth Lab. Rept. No. EM-424. 
Gwynne, C. S., 1950. Terraced Highway Side Slopes in 
Loess, Southwestern Iowa. Geol. Soc. Amer. Bull., 61, 
p 1347-1354. (a,c,h) 
Holtz, W. G., and Gibbs, H. J., 1953. USA Field Tests to 
Determine the Behavior of Piles in Loess. Proc. 3rd Int. 
Conf. Soil Mech. and Found. Engrg., 2, p 51-56. (a,b,j) 
* Holtz, W. G., and Gibbs, H. J., 1951. Consolidation and 
Related Properties of Loessial Soils. Am. Soc. Test. Mat. 
Spec. Tech. Pub. 126, p 9-33. (a,b,c,d,e,f ,i) 
Discussions by: Palmer, L. A. p 27 
Terzaghi, K., p 30-32 
Turnbull, W. J., p 27-30 
Closure by: Holtz, W. G., and Gibbs, H. J., p 32-33. 
Holtz, W. G. and Hilf, J. W., 1961. Settlement of Soil 
Foundations Due to Saturation. Proc. 5th Int. Conf. Soil 
Mech. and Found. Engr., 1, p 673-679. (a,b,c,d,e,f,i) 
13 
Iowa Road Carved Through Loess Bluffs. Engineering News 
Record, 125, p 277-279, 1940. (h) 
Johnson, G. E., 1953. Stabilization of Soil by Silt 
Injection Methods. Am. Soc. Civil Engr. Proc., 79, No. 
325. (a,g) 
Judd, W. R., 1950. Loess as a Foundation Material (Abs). 
Geol. Soc. Amer. Bull., 61, p 1554. 
Judd, W. R. and King, M. E., 1952. Loess-its Petrography, 
Physical Behavior and Relationship to Engineering Structures 
(Abs). Geol. Soc. Amer. Bull., 63, p 1268-1269. 
Keene, K. R., 1970. Problems with Highway Cuts in Loess 
Near East St. Louis, Illinois. 20th Ann. Hwy. Geol. Symp., 
Ill. Univ., Urbana, p 30-47. (h) 
Leonards, G. A., et.al., 1973. Problems o f Soil Mechanics 
and Construction on Soft Clays and Structurally Unstable 
Soils (collapsible, Expansive and Others). Proc. 8th Int. 
Conf. Soil Mech. and Found. Engrg., 4.2, p 97-133. 
Lofgren, B. E., 1969. Land Subsidence Due to the Application 
of Water, Reviews in Engineering Geology - 2, Geol. Soc. Am., 
p 271-303. (a,b,e,i) ·· 
Lohnes, R. A., and Handy, R. L., 1968. Slope An g l es i n 
Friable Loess. Jour. Geol., 76, p 24 7-258. (b,d, h) 
Lutton, R. J., 1971. A Mechanism for Progressive Rock Ma s s 
Failure as Revealed by Loess Slumps. Int. Jour. Rock Mec h. 
Min. Sci., 8, No. 2, p 143-151. (h) 
Morrison, L. L., 1968. Procedures and Problems of Highway 
Soils Engineering on Loessial Terrain in Alaska. Hwy. Res. 
Rec. No. 212, p 33-38. (a,c,h) 
Peck, 0. K., and Peck, R. B., 1948. Settlement of Foundation 
Due to Saturation of Lo e ss Subsoil. Proc. 2nd Int. Conf. 
Soil Mech. and Found. Engrg., 4, p 4-5. (a,i) 
* Royster, D. L. and Rowan, W. H., 1968. Highway Design and 
Construction Problems Associated with the Loessial Soils of 
West Tennessee. Hwy. Res. Rec. No. 212, p 28-32. (a,b,c, 
d,h) 
14 
Spigolon, S. J., 1963. Investigation of Size Effect for 
Circular Footings on Loess. Unpubl. Ph.D. Thesis, Univ. 
Ill. 
Turnbull, W. J., 1941. Steep Slopes Used in Nebraska 
Loess Soil. Civil Engrg., 11, No. 9, 526-528. (b,d,h) 
* Turnbull, W. J., 1948. Utility of Loess as a Construction 
Material. Proc. 2nd Int. Conf. Soil Mech. and Found. Engrg., 
5, p 97-103. (a,b,d,e,f,h,i) 
Turnbull, W. J., 1968. 
with Loess Soils. Hwy. 
(a,d,h,i) 
Construction Problems Experienced 
Res. Rec. No. 212, p 10-27. 
Turnbull, W. J., and Hvorslev, M. J., 1967. Special Problems 
in Slope Stability. Am. Soc. Civil Engr. Jour. Soil Mech. 
and Found. Div., 93, SM4, p 499-528. (e,h) 
U.S. Bur. Reclamation, 1951. Report of Loess Research 
Studies for the Ashton Pile Testing Program -- Lower Platte 
River Area - Missouri River Basin Project, Nebraska. Earth 
Lab Rept. EM-278. 
* Watkins, W. I., 1945. Observations on the Properties of 
Loess in Engineering Structures. Am. Jour. Sci., 243, p 
294-303. (a,c) 
15 
